Abstract Three wild species of cotton (Gossypium sp.) of Australian origin being maintained in a living herbarium at Central Cotton Research Institute, Multan, Pakistan were screened for the presence of cotton leaf curl begomovirus components. The screening by PCR, rolling circle amplification and Southern hybridisation, showed that G. robinsonii is an asymptomatic carrier of components of the disease complex prevalent in Pakistan.). Only betasatellites associated with CLCuD was identified by PCR and RCA in G. nelsonii, and G. bickii and suggests that begomovirus levels were below detection limits.
Cotton leaf curl disease (CLCuD) is one of the most devastating diseases of cotton and causes severe damage to cotton in the Indian subcontinent. The causative agent of the disease has been characterised from Pakistan, India to Sudan Idris et al. 2005; Sharma et al. 2005) . CLCuD is caused by a complex belonging to the genus Begomovirus (family Geminiviridae). Geminiviruses are DNA viruses with circular single-stranded DNA genomes and have been divided into four genera based on genome organisation and insect vectors. Whiteflytransmitted geminiviruses are classified in the genus Begomovirus and constitute the largest and economically the most important group (Briddon et al. 2000) . The symptoms of CLCuD include leaf curling, vein thickening, stunting and small leaflet-like growth on underside of leaf called leaf enations (Briddon et al. 2001; Saeed et al. 2005; Qazi et al. 2007) . At least seven distinct begomoviruses are known to occur on cotton and interact with a DNA betasatellite named Cotton leaf curl Multan betasatellite (CLCuMB). CLCuMB is essential for the development of disease symptoms in cotton . The disease has not been reported from Australia to Americas. However, the recent spread of whitefly biotypes and the introduction of Tomato yellow leaf curl virus from Middle East into Americas to Australia (Polston et al., 1999) shows that human activity is spreading viruses to geographical locations where it was not found earlier.
The findings that Tomato leaf curl virus from Australia interacts with CLCuMB under experimental conditions suggest that CLCuD is a potential threat to cotton cultivation in Australia (Alberter et al. 2004; Saeed, 2010) .
Cotton belongs to genus Gossypium, which is comprised of~50 species including both wild and cultivated species. Of these, 45 are diploid and five are allotetraploid in nature (Fryxell, 1979) , and these wild species are divided into eight different genome from A through G to K. There are four cultivated species of cotton; each species has a separate centre of origin. G. hirsutum (allotetraploid, AD1), G. barbadense (allotetraploid, AD2), G. arboreum (diploid, A2) and G. herbaceum (diploid, A1) originated from South Mexico, South America (Peru), Indian subcontinent to South Africa, respectively. The three wild diploid species G. nelsonii, G. robinsonii and G. bickii, belonging to genome G, C 2 and G 1 respectively, originated in Australia.
Due to their potential as a source of useful genes, the wild species are used in different breeding programs for the improvement of cultivated cotton (Mehetre et al. 2004) . Wild species of cotton are being maintained in a living herbarium at Central Cotton Research Institute (CCRI), Multan Pakistan under natural conditions and are being used in interspecific crosses. These species have been maintained for the last four decades and are exposed to CLCuD. The present study was carried out to confirm the presence and identity of cotton leaf curl disease components in wild species of Australian origin being maintained in the herbarium.
Fresh leaf tissues of available wild diploid Gossypium species of Australian origin, namely, G. bickii, G. nelsonii and G. robinsonii were collected from CCRI, Multan, Pakistan. Total DNA was isolated following the CTAB method (Doyle and Doyle 1990) . Betasatellite group-specific degenerate primers β01 and β02 (Briddon et al. 2001 ) were used to amplify a~1,400 bp fragment. For G. bickii, the resultant PCR product was cloned into the pTZ57R/T vector (Fermentas) as per manufacturer's instructions. Recombinant E. coli colonies were selected using antibiotics and screened for plasmids with desirable inserts by restriction digest using KpnI restriction endonuclease. Sequencing products were resolved commercially (Macrogen, Korea). Sequence information was stored, assembled and analysed using the Lasergene sequence analysis package (DNAStar Inc., Madison, WI, USA). Sequence alignments were produced using CLUSTAL X (Thompson et al. 1997) . Phylogenetic analyses were conducted using the neighbor-joining and bootstrap options of PHYLIP (V. 3.6) and phylogenetic dendrogram viewed and manipulated using TREEVIEW (Page 1996) .
The genomic DNA of these wild species was also tested for the presence of the circular genomic components of begomoviruses using rolling circle amplification (RCA) as reported earlier from our lab (Nahid et al. 2008) . Finally, Southern hybridization was also performed for the detection of begomoviruses and CLCuMB in wild diploid species of Australian origin described above. For Southern hybridization, the DNA A and betasatellite was amplified and probed with non-radio-labeled digoxigenin (DIG) kit (Roche, Germany).
In the present study, the available wild species of cotton originating from Australia were screened for the presence or absence of begomoviruses and betasatellites. The available wild diploid species originating from Australia were asymptomatic for CLCuD. A series of diagnostic tests were carried out for the presence or absence of begomoviruses. The 1,400 bp PCR product from the β01/β02 betasatellite primer amplification showed the presence of begomoviruses betasatellites in G. bickii, G. nelsonii and G. robinsonii (Table 1) . The circular molecules of begomoviruses were also detected by ϕ29 DNA polymerase in the three Australian cotton species. Southern hybridization was also carried out for the detection of DNA-A and CLCuMB and detected both CLCuD components only in G. robinsonii. Our repeated efforts were unable to confirm the presence of begomovirus in G. bickii, or G. nelsonii by Southern hybridization and therefore we are unable to confirm them as carriers of CLCuD components.
To further confirm the identity of the betasatellite components, the PCR product obtained from G. bickii was cloned and sequenced (GenBank: AM712315). Sequence analysis showed the CLCuMB-[PK:T Beta11:07] isolated from G. bickii was of 1,351 bp in nucleotide length, encodes βC1 protein of 118 amino acids and showed 99% DNA sequence identity to CLCuMB. The phylogenetic tree showed that CLCuMB-[PK:T Beta11:07] isolated from (Fig. 2) . The phylogenetic tree supports the isolated betasatellite from wild cotton species (G. bickii) clustered with other betasatellites isolated from Malvacous hosts as reported earlier . Malvastrum yellow vein Yunan betasatellite (MaYVYnB-[CN:Yn307:03]; AM236777) is another related betasatellite (Fig. 2) .
Our results show that G. robinsonii, a wild species of genus Gossypium of Australian origin is an asymptomatic host of CLCuD in herbarium at CCRI, Multan, Pakistan (Figs. 1 and 2) . Only betasatellites associated with CLCuD was identified by PCR and RCA in G. nelsonii, and G. bickii and therefore the begomoviruses were below the detection levels. Cotton is the world's premier natural fiber for textile manufacture and a significant agricultural commodity in many countries including Australia. It is therefore imperative to monitor symptomatic and asymptomatic carriers of the virus in different parts of the world.
